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Observations from the TOPEX/POSEIDON (T/P) radar altimeter, along with other 
observations and meteorological products, were used to examine the relationship between 
ocean dynamics and thermodynamics in the Pacific Ocean. We have addressed the following 
general scientific questions: 

Understanding oceanic heat storage and transport. To what extent are heat content anomar 
lies due to lateral (ocean) fluxes? 

Impact of subsurface water on the upper ocean heat budget. How do subsurface temperature 
anomalies affect the heat budget? 

Thermodynamic and dynamic responses. To what extent are SSH variations best explained 
by surface fluxes or by thermocline motion? 

1 Recent progress 

Much of our work this year was in modeling the upper ocean heat budget in the western 
boundary current regions of the North Pacific. A related second topic was explaining the 
damping of Rossby waves in the tropical Pacific, in conjunction with work on the OVWST. 

Heat Budget of thp KE region 

The KE region has the largest variability both in subsurface and surface temperature at 
interannual timescales in the extratropical North Pacific, and has the largest heat exchanges 
with the atmosphere, making it a key region for interannual-to-interdecadal climate variabil- 
ity in the North Pacific. Substantial interannual changes in the southern recirculation gyre 
of the Kuroshio in the T/P SSH field are suggestive of important variations in heat content 
and possibly subtropical mode water (STMW) formation. 

To understand the impact of ocean dynamics (specifically horizontal fluxes) on the 
SST and heat content variability, postdoctoral investigator Frederic Vivier used a three- 
dimensional model of the upper ocean, developed in volume finite elements, based on previ- 
ous efforts by Qiu and Kelly (1993) and Kelly and Qiu ( 1995a, b). The surface geostrophic 
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a) HSR 



Figure 1: Zonal average of the nonseasonal terms of the vertically integrated heat budget, (a) 
heat storage rate, (b) lateral fluxes, (c) surface fluxes, and (d) Ekman pumping [thermocline 
heave]. 

velocity field is specified from T/P altimeter measurements, ensuring a realistic representa- 
tion of the Kuroshio Extension (both in strength and location), where OGCMs frequently 
encounter difficulties. 

An analysis of the upper ocean heat storage rate (Figure 1) shows the contribution 
of lateral fluxes (mostly advection) on interannual time scales. In particular, the transition 
between the contracted southern recirculation gyre and the elongated gyre is associated with 
an increase in heat storage, owing to the convergence of heat transport by the geostrophic 
circulation. In addition, during periods of an elongated gyre, the waters below the mixed 
layer are warmer and vertical entrainment is less efficient in exporting the heat out of the 
mixed layer. 

Dr. Vivier recently returned to LODYC in Paris with a position funded by CNRS. 

A similar analysis for the North Atlantic was begun on this grant and is being continued, 
funded by NSF, by graduate student Shenfu Dong. 
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Figure 2: Zonal Q , 
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Figure 4: Sea surface height anomalies using the simple model, (a) Observed SSH anomalies 
rom the T/P altimeter, (b) thermal expansion anomalies from NCEP heat fluxes. Expected 

SSH response from Rossby wave model for (c) NCEP and (d) QuikSCAT wind stress curl. 
Units are meters. 


in press, J. Phys. Oceanogr., jointly funded with NSF. 

Vivier, F., K. A. Kelly, L. Thompson. Heat budget in the Kuroshio Extension region- 
1993-1999, in press, J. Phys. Oceanogr ., 2002. 

Dong, S., and K. A. Kelly, The seasonal and interannual variations in the geostrophic 
currents m the Mid-Atlantic Bight, revised for J. Geophys. Res. - Oceans, 2002, jointly 
funded with ONR. J 

Dong S. and K.A. Kelly, Heat budget in the Gulf Stream region: the importance of heat 
advection and storage, submitted to J. Phys. Oceanogr., jointly funded with NSF. 

Kelly, K. A., and L. Thompson, Scatterometer winds explain damped Rossby waves in 
press, Geophys. Res. Lett., jointly funded with OVWST. 

Kelly, K.A. , The Relationship Between Heat Transport Convergence and Surface Fluxes in 
the Western North Pacific: 1970-2000, to be submitted to Journal of Climate. 


3 Abstracts and Presentations: 2001-2002 


Satellite Microwave Observations of the Global Ocean,” with Dudley Chelton “WOCE 
and Beyond,” San Antonio, November, 2002. 
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(a) Correlations with monthly HSR 



(b) Correlations with filtered HSR 



Figure 3: Correlations of the heat storage rate with net surface heat fluxes (solid line) and 
with lateral fluxes (dashed) for (a) the monthly values and (b) after lowpass filtering the 
terms to eliminate fluctuations with periods shorter than 1 year. 

has explained a phenomenon observed in the late 1970s, but never satisfactorily explained 
previously. Westward propagating waves in the North Pacific Ocean are overwhelmed by a 
zonally coherent response in the latitude band 10-16°1V, as observed in sea surface height 
(SSH) anomalies from the T/P altimeter (Figure 4a). The apparent lack of wave propagation 
in this region has also been observed in anomalies in the oceanic thermocline. Our previous 
efforts had been directed at isolating mechanisms to damp the Rossby wave. 

SSH anomalies from a simple model of wave propagation, forced with two different wind 
products, is compared with the SSH expected from the seasonal heating cycle (Figure 4b)to 
understand the processes responsible for the coherent annual period signal. Based on three 
different flux products seasonal heating cycle is out-of-phase and too small to be responsible 
for the observed annual cycle in SSH. Comparisons of wind-forced SSH forced by NCEP 
reanalysis winds (Figure 4c) and by winds from the QuikSCAT/SeaWinds scatterometer 
demonstrate that the observed SSH variations reflect the dominant local Ekman pumping 
response to zonally coherent wind stress that is produced only by the scatterometer fields 
(Figure 4d). Rossby waves do propagate westward, but the magnitude of the free wave is 
smaller than the locally forced response. The wind stress variations are associated with the 
annual migration of the Intertropical Convergence Zone, which is not reproduced well by the 
NCEP analysis. 
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